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SYSTEMS AND METHODS OF PRODUCING 


HYDROGEN USING A NUCLEAR REACTOR 


BACKGROUND OF THE INVENTION 

This invention relates generally to liquid metal nuclear reactors, and 
more particularly to using liquid metal nuclear reactors to provide energy for the 
production of hydrogen in a water cracking system. 


means of decreasing mobile source emissions in large cities. However, the hydrogen 
used in such a vehicle is typically produced using a carbon based source which causes 
greenhouse emissions. For example, CO + H2O is converted to CO2 + H2, with the 
CO2 being the waste byproduct of the process. It is known that CO2 is one of the 
materials that contribute to the greenhouse effect on the environment. 


amounts of energy because the water cracking process operate at very high 
temperatures, in the range of about 850°C to 950°C, to function in an efficient 
manner. Nuclear reactors have been considered for a low cost heat source for water 
cracking systems. However, nuclear reactors do not operate at the high temperatures 
needed for efficient operation of these water cracking systems. Liquid metal cooled 
nuclear reactors operate at about 550°C and light water reactors operate at about 
285°C which are much lower than the 850°C to 950°C needed for an efficient water 
cracking system. 


Hydrogen fuel cell powered electric vehicles are being considered as a 


Producing hydrogen with a water cracking process requires large 


It would be desirable to provide a system for supplying a sufficient 
amount of low cost heat to efficiently operate a water cracking system in the range of 
about 850°C to 950°C. 
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BRIEF SUMMARY OF THE INVENTION 

In an exemplary embodiment of the present invention, a system for 
generating hydrogen includes a liquid metal nuclear reactor having a non-radioactive 
secondary heat loop, a steam generator connected to the secondary heat loop, a high 
temperature water cracking system, and a topping heater. 

The heat produced by the nuclear reactor is used to raise the 
temperature of the feed wateMbTlhe^ between about 450°C to 

about 550°C. The topping heater raises the feed water temperature from the 450°C to 
550°C range to at least 850°C so that the cracking system can operate efficiently to 
produce hydrogen and oxygen. Additionally, the topping heater provides heat energy 
needed to disassociate the feed water into hydrogen and oxygen. 

"fe-on£ L.embodiment. the topping heater is a gas fired hpater A portion 
of the oxygen and hydrogen produced by the high temperature watei^eracEing system 
is used as fuel in the topping heater. . The exhaust frgm-Uiegas fired toping heater is 
directed to a regenerative heat exchanger.£h€regenerative heat exchanger is located 
in the feed water supply line and^positioned between the steam generator and the 
topping heater. The exljauSi from the gas fired topping heater is then directed to a 
second regeneratjv^neat exchanger which is used to increase the temperature of a 
portion o£"tfie feed water that has been converted to steam by the steam generator 
be^reit^cniss^-ars ^m luibine generator assembly tbr~gen e r ating electricity. 

The above described system produces a sufficient amount of low cost 
heat to efficiently operate a water cracking system by utilizing a liquid metal nuclear 
reactor operating at normal operational temperatures and a topping heater. The 
topping heater raises the temperature of steam generated from the heat produced by 
the nuclear reactor to the desired cracking system operating temperature. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic illustration of a system for producing hydrogen 
that includes a gas fired topping heater in accordance with an embodiment of the 
present invention. 

Figure 2 is a schematic illustration of a system for producing hydrogen 
that includes an electric topping heater in accordance with another embodiment of the 
present invention. 

Figure 3 is a schematic illustration of a system for producing hydrogen 
that includes an electric topping heater and a electricity producing fuel cell system in 
accordance with another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 is a schematic illustration of a system 10 for producing 
hydrogen in accordance with an embodiment of the present invention. System 10 
includes a liquid metal nuclear reactor 12 that includes a non-radioactive secondary 
loop 14 for extracting heat from reactor 12, a steam generator 16 connected to 
secondary heat loop 14, a high temperature water cracking system 18, and a topping 
heater 20. 

Reactor 12 can be any known liquid metal nuclear reactor such as the 
reactors described in U.S. Patent Nos. 4,508,677 and 5,158,471. Secondary loop 14 is 
coupled to an intermediate heat exchanger 22 in reactor 12. Secondary loop 14 
includes a hot leg 24 and a cold leg 26. Secondary loop 14 includes a heat transfer 
medium such as helium or a liquid metal, for example, sodium, to transfer heat from 
intermediate heat exchanger 22 to a steam generator 16. The heat transfer medium, 
heated in intermediate heat exchanger 22, flows through hot leg 24 to steam generator 
16, where the heat is used to generate steam, which lowers the temperature of the heat 
transfer medium. The heat transfer medium then flows back to intermediate heat 
exchanger 22 through cold leg 26. A circulation pump 28 moves the heat transfer 
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medium through secondary loop 14. The temperature of the heat transfer medium 
leaving intermediate heat exchanger 22 is between about 450°C to about 550°C. 


■ Syst e m 10 includc yg~ fe 'e d w a ter so uice 30 which is coup led to|t 
generator 16 by a feed water line 32. Feed water source 30 can be, fof^xample, a 
body of water, a desalination plant, a water clean-up systprriT a steam turbine 
condenser, or a combination thereof. The water fromfeetfwater source 30 is heated 
in steam, generator 16 and converted to ste^^Arportion of the heated feed water, or 
steam, from steam generator 1 6 is directed to cracking system 1 8 and a portion of the 
steam is directed to a steam turjpine and generator assembly 34. A condenser 36 is 
coupled to steam turbine^arfa generator assembly 34. The spent steam from steam 
turbine 34 is condepsra in condenser 36. A condenser output line 38 is connected to 
feed water lin^ x j2 so that the condensed steam can be added to the feed water. 
Condenspr^36 includes water circulating lines 37, and a water line 39 connects water 
circi 


rTwith desalination plant 30 to supply make-up water to plant 30. 


topping heater ?L 


•heater HoWevei, in alternative 
mbodiments, as shown in Figures 2 and 3, topping heater 20 can be an^eJ€ctric 
heater. A portion of the oxygen and hydrogen produced in water cragkilig system 1 8 
is directed to topping heater 20 and used as fuel for heater 20 > ^E^haust from gas fired 
toping heater 20 is directed to a regenerative heat exch^f^er 40 through exhaust line 
42. Regenerative heat exchanger 40 further heate^He portion of the steam output from 
steam generator 16 that is directed to cracjcing system 18. A steam line 44 connects 
regenerative heat exchanger 40 to st^am generator 16. The output from regenerative 
heat exchanger 40 is directed tp^fopping heater 20 through a steam line 46. Topping 
heater 20 heats the outaut from regenerative heat exchanger 40 to at least 850°C. 
High temperature waw cracking system 18 uses the steam heated to at least 850°C as 
a feed to pnxkfce oxygen and hydrogen. Water cracking system 1 8 can be any known 
high teptfperature watercracking system that uses heat energy to disassociate water 
intpTiyiirageirSiSoxygen. 
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To fully utilize the heat energy of gas fired topping heater 20, the 
exhaust from regenerative heat exchanger 40 is directed to another regenerative heat 
exchanger 48 through an exhaust line 50. Regenerative heat exchanger 48 is located 
in a steam line 52 connecting steam generator 16 and steam turbine and generator 
assembly 34. The exhaust from regenerative heat exchanger 48 is directed through an 
exhaust line 54 to water feed source 30. In this embodiment, water feed source is a 
desalination plant that provides feed water and water for sale. 

Figure 2 is a schematic illustration of a system 60 for producing 
hydrogen in accordance with another embodiment of the present invention. System 
60 includes a liquid metal nuclear reactor 1 2 that includes a non-radioactive secondary 
loop 14 for extracting heat from reactor 12, a steam generator 16 connected to 
secondary heat loop 14, a high temperature water cracking system 18, and a topping 
heater 62. 

As described above in system 10, secondary loop 14 is coupled to 
intermediate heat exchanger 22 in reactor 12, and includes a hot leg 24, a cold leg 26, 
and a circulation pump 28. System 60 also includes feed water source 30 coupled to 
steam generator 16 by a feed water line 32. In this embodiment, feed water source 30 
is a desalination plant, however, feed water source can be, for example, a body of 
water, a desalination plant, a water clean-up system, a steam turbine condenser, or a 
combination thereof. A portion of the heated feed water, or steam, from steam 
generator 1 6 is directed to cracking system 1 8 through steam line 44 and a portion of 
the steam is directed to steam turbine and generator assembly 34 through steam line 
52. Condenser 36 is coupled to steam turbine and generator assembly 34, and 
condenser output line 38 is connected to feed water line 32 so that the condensed 
steam can be added to the feed water. Condenser 36 includes water circulating lines 
64. 

Topping heater 62 is an electric heater located inside water cracking 
system 18 and in contact with the heated feed water or steam. Topping heater 62 
heats the steam from steam generator 16 to at least 850°C in water cracking system 18 
and adds additional heat needed to disassociate the steam into hydrogen and oxygen. 
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A portion of the electricity produced by steam turbine and generator assembly 34 is 
used to power electric toping heater 62. 

Figure 3 is a schematic illustration of a system 70 for producing 
hydrogen in accordance with another embodiment of the present invention. System 
70 is similar to system 60 described above except that steam turbine and generator 
assembly 34 and condenser 36 are replaced by a electricity producing fuel cell facility 
72. Also, because system 70 does not include steam turbine 34, all steam generated in 
steam generator 16 is directed to water cracking system 18 through steam line 44. 

A portion of the oxygen and hydrogen produced by water cracking 
system 18 is used to produce electricity in fuel cell facility 72. Water is a byproduct 
of electricity production in fuel cell facility 72. This byproduct water is directed to 
feed water line 32 through an output water line 74. Fuel cell facility 72 includes water 
circulating lines 76 and 78. Also, a water line 80 connects water circulating line 78 
with desalination plant 30 to supply heated make-up water to plant 30. A waste water 
line 82 removes the brackish waste water from desalination plant 30. 

The above described systems 10, 60, and 70 produce a sufficient 
amount of low cost heat to efficiently operate a water cracking system 18 by utilizing 
a liquid metal nuclear reactor 12 operating at normal operational temperatures and 
topping heaters 20 and 62. Topping heaters 20 and 62 raise the temperature of steam 
generated from the heat produced by nuclear reactor 12 to the desired cracking system 
operating temperature. The use of water cracking system 18, with heat supplied by 
nuclear reactor 12 and topping heaters 20 and 60, to produce hydrogen eliminates the 
green house emissions typically created when hydrogen is produced using a carbon 
based source. 

While the invention has been described in terms of various specific 
embodiments, those skilled in the art will recognize that the invention can be practiced 
with modification within the spirit and scope of the claims. 


